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(54) Time alignment of uplink CDMA signals 

(57) The present invention relates to communica- 
tion systems and in particular relates to the time align- 
ment of uplink CDMA signals. A simple approach for 
improving the performance of received CDMA signals is 
discussed. This consists of aligning the timings of users' 
signals such that the maximum output power from a sin- 
gle rake finger for each user occurs simultaneously. This 
allows the timing to be adjusted for each user's signal 
independently of the others and has the effect of mini- 
mising any interference between users. The invention 
provides a time alignment mechanism which employs a 
minimum of signalling. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to communica- 
tion systems and in particular relates to the time align- 
ment of uplink CDMA signals. 

BACKGROUND OF THE INVENTION 

[0002] Communication systems employing Code Divi- 
sion Multiple Access (CDMA), signals between a base 
station and a subscriber are transmitted over a fre- 
quency band of the particular communication channel 
with a particular subscriber spreading code. That is to 
say the signals in the communication channel for a par- 
ticular frequency band of the communication channel 
are separated by these particular spreading codes. 
These particular subscriber spreading codes are prefer- 
ably orthogonal with respect to each other such that a 
cross correlation between time aligned spreading codes 
is 0. 

[0003] The orthogonality factor (OF) is a measure of 
how badly a multi-path channel degrades with the 
orthogonality of signals. An OF of 0 means that the sig- 
nals remain completely orthogonal. An OF of 1 means 
that orthogonality is completely lost and communication 
performance would be unchanged if random sequences 
were transmitted rather than orthogonal sequences. A 
consequence of OF is that intra-cell multiple access 
interference (MAI) in a system employing orthogonal 
transmitted sequences will be reduced relative to that of 
a reference system employing random sequences. 
[0004] In CDMA communications, individual transmis- 
sions are maintained orthogonal with respect to other 
transmissions on the same frequency by coding each 
transmission with a direct sequence pseudo-random 
(PN) code produced by a chip code generator which is 
supplied to a spread spectrum modulator along with the 
intermediate frequency (IF) from an oscillator. CDMA 
allows multiple simultaneous signals which completely 
overlap in time and frequency. Despite this overlap, the 
number of spreading codes allows each signal to be 
detected separately with limited interference from the 
other signals. The level of interference is further 
reduced if orthogonal codes are used, and the channel 
OF is low. The channel OF can be minimised through 
time alignment of the strongest path. 
[0005] The use of orthogonal sequences offers bene- 
fits in cases where different users symbols are received 
with time alignment For flat channels, time aligning sig- 
nals at the receiver results in perfect orthogonality and 
hence no intra-cell interference. In the more realistic 
case, where channels exhibit dispersive multi-path 
characteristics (i.e. the channels are not flat), each sep- 
arate multi-path component will interfere with each other 
component which has a different delay. In this case it is 
only possible, in general, to align a single component 



from each signal, and orthogonality will be partially lost 
due to the interference between non-aligned terms. The 
OF achieved in any scenarios depend both upon the 
channels involved and the relative timing between users 
5 signals. 

[0006] Referring now to Figure 1 there is shown a sim- 
ple situation where only a single multi-path component 
from each user can be simultaneously aligned (and 
each component is separated in time by at least one 

ic chip duration). In this situation, alignment of the strong- 
est component of each profile will result in the lowest 
value achievable with those channels. The spacing of 
the multi-paths is such that only a single component 
from each channel can be aligned simultaneously 

75 [0007] In the three cases shown in Figures la - c, the 
different time alignments for the same two channel 
power delay profiles vary from no orthogonality in case 
a i.e. OF = 1 .0 to a case where the OF = 0.85, as shown 
in case b. In case c the strongest component of each 

2c channel is aligned thus removing the largest cross inter- 
ference term and reducing the OF still further to OF = 
0.55. In this example, it is only possible to align a single 
multi-path component between each pair of users and 
the optimum timing alignment between the users is sim- 

25 pie to determine; the strongest multi-path component of 
each user's signal should arrive simultaneously. In prac- 
tice it is unlikely that more than a single multi-path com- 
ponent from each user's channel can be aligned 
simultaneously. In addition, when fractional-chip delays 

3C between components are present, performance is also 
dependent upon the set shape of the chip wave form. 
[0008] Referring now to ITU-A and ITU-B, (Interna- 
tional Telecommunications Union) channel models, 
which were developed for mobile systems, each path 

35 independently fades according to a Rayleigh distribu- 
tion. For an IS95 system, for example, the chip period is 
813.8ns, and for a wide band system with three times 
the bandwidth it is 271 .3ns. The channel power delay 
profiles are provided in table 1 and it can be seen that at 

40 both chip rates, both channels have components which 
are not separately resolvable. 

[0009] Figures 2 and 3 demonstrate the respective A 
and B channel models (for the purposes of particular 
example, the individual path powers are held equal to 

45 their mean values, but the phases are allowed to vary 
randomly). Each trace is for a different set of phases of 
the multi-path components. The peaks in the band lim- 
ited power delay profile do not directly correspond in 
time with those of any of the multi-path components for 

so the non-band limited channel. For the ITU-A channel, 
most of the channel power is contained in the first tap 
and the remaining significant taps have very short 
delays. It can be seen that even if the power of the indi- 
vidual multi-path is constant, relative phase changes 

55 between them can cause the resultant power to vary 
significantly, even when one of the components is much 
stronger than the other. For the ITU-B channel, the first 
two paths are of comparable strength and are closely 
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spaced relative to the chip duration. If they have oppo- 
site phases then they will combine destructively result- 
ing in very low output power for time delays in that 
region. The second and fourth traces have opposite 
phases for the first two paths whereby the timing at 5 
which maximum output occurs is approximately a quar- 
ter of the third and fourth components respectively. At 
the ITU-B wide band chip rate, the spacing between the 
first two components is approximately three quarters of 
a chip duration. The power delay profile which has a sin- 10 
gle peak at the IS 95 chip rate can split into two sepa- 
rate peaks at different timings as the phases are varied 
in the wide band case. 

OBJECT OF THE INVENTION is 

[001 0] The present invention seeks to provide timing 
alignment between orthogonal CDMA channels. The 
present invention also seeks to provide a technique 
which allows very rapid and precise control of signal 20 
time alignment, with a minimum of signalling overhead. 
The invention further seeks to provide a CDMA commu- 
nications arrangement for fixed wireless access sys- 
tems. 

25 

STATEMENT OF THE INVENTION 

[001 1 ] In accordance with a first aspect of the present 
invention, there is provided a method of determining 
timing offsets in a CDMA communications link between 30 
a base station and a subscriber station, the method 
comprising the steps of: transmitting a signal by the 
subscriber using a default timing offset; receiving such 
signal by the base station and detecting the various 
multipath components using a Rake receiver, and; when 35 
the base station determines that a subscriber station 
needs to change its timing alignment, it transmits to the 
subscriber a message identifying a particular timing off- 
set selected from a set of predetermined offsets which 
the subscriber should use. 40 
[001 2] The set of predetermined offsets can be stored 
in a look-up table. The look-up table can be in the form 
of a volatile storage medium. The look-up table can be 
in the form of a non-volatile storage medium. The 
default timing offsets can be those that have been used 45 
on a most recent transmission; those that have been 
used most frequently by the system or predetermined 
offsets. 

[0013] Adjustment of the timing can be carried out by 
the insertion of a short signal into each frame to deter- so 
mine which offset should be selected. Time alignment 
commands transmitted by the base station may be 
transmitted once for each transmission or can be trans- 
mitted by the base station when signal quality has been 
degraded. Fine tuning can be performed with small 55 
adjustments of time offset, once a particular offset has 
been selected. The CDMA communications link may be 
a fixed wireless scheme, wherein the subscriber station 
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is not mobile. 

[0014] In accordance with a second aspect of the 
present invention, there is provided a method of operat- 
ing a CDMA communications link between a base sta- 
tion and a subscriber, the method comprising the steps 
of: receiving at the subscriber station signals from a 
base station, referring to time offset data; transmitting 
signals to the base station using a time offset deter- 
mined by the time offset data, and; when the base sta- 
tion determines that the time offsets should be adjusted, 
a pre-determined time offset is selected from the time 
offset data and such selected pre-determined offset is 
utilised. 

[0015] The time offset data can be pre-corrfigured. 
The time offset data may be determined by experience 
over a number of iterations and can be updated as 
appropriate. Preferably, upon initial transmission of a 
message, the last offset employed by the subscriber 
station is employed. The CDMA link may be a fixed wire- 
less link. 

[0016] The speed in creating a communications link 
can be improved by the time alignment of signals to a 
predetermined time offset rather than continuously var- 
ying the time offset. The timing may be determined as 
being sub-optimum, but savings in overheads and the 
convenience in the use with orthogonal sequences can 
generally be sufficient to negate any such drawbacks. 
Further, this approach has the benefit of being easily 
implementable and the degradation from optimum is 
unlikely to be great. 

[001 7] in accordance with a third aspect of the present 
invention, there is provided a subscriber station for use - .; 

in a CDMA communications system between a basesta- 
tion and a plurality of subscribers, the subscriber station ^ 
having a look-up table providing a list of time offsets, ^ 
from which a selected time offset is employed in com- 
munication with a base station. 

[001 8] Preferably there is provided means responsive 
to signals from the base station to change the timing off- 
set to a different timing offset. The time offset can be 
determined by experience over a number of iterations 
and can updated as appropriate. The CDMA link may 
be a fixed wireless link. 

[0019] In accordance with a fourth aspect of the 
present invention, there is provided base station for use 
in a CDMA communications system between a basesta- 
tion and a plurality of subscribers, the base station hav- 
ing a look-up table providing a list of time offsets, for 
each active subscriber unit , this table being communi- 
cated to a subscriber station upon call initiation or when 
it is determined the table needs to be updated. 
[0020] The time offset can be determined by experi- 
ence over a number of iterations and is updated as 
appropriate. Alternatively predetermined offsets are 
employed. The CDMA link may be a fixed wireless link. 
[0021 ] In accordance with a still further aspect of the 
invention there is provided a CDMA communications 
system operable with predetermined timing offsets. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] In order that the present invention can be more 
fully understood and to show how the same may be car- 
ried into effect, reference shall now be made, by way of s 
example only, to the figures as shown in the accompa- 
nying drawing sheets wherein: 

Figures 1a-1c show CDMA timing alignment pro- 
files for two channels which each have a single ic 
multi-path component; 

Figures 2 and 3 show ITU-A and ITU-B channel 
models; 

Figure 4 details the structure of a prior art base sta- 
tion and a subscriber station in block format; and is 
Figure 5 details the structure of a base station and 
a subscriber station in accordance with the inven- 
tion in block format; 

Table 1 shows power delay profiles for ITU-A and 
ITU-B channel models; and 2c 
Table 2 shows Orthogonality Variations for Simu- 
lated Multipath versus Alignment Technique. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 2 s 

[0023] There will now be described, by way of exam- 
ple, the best mode contemplated by the inventors for 
carrying out the invention. In the following description, 
numerous specific details are set out in order to provide 3C 
a complete understanding of the present invention. It 
will be apparent, however, to those skilled in the art. that 
the present invention may be put into practice with vari- 
ations specific. 

[0024] Referring now to Figure 4, there is shown a 35 
base station 10 which includes a modulation spreading 
apparatus 14 that modulates traffic channels to be 
transmitted via antenna 12. Modulation could be for 
example by quadrature phase shift keying (QPSK) or 
other phase shift keying modulation techniques, which 4c 
signals are then spread with a spreading code appropri- 
ate to each traffic channel. The spreading code oper- 
ates according to the summation of first and second 
codings. The first coding is a randomising coding partic- 
ular to the particular base station 10 whereby signals 45 
from different base stations are uncorrected whilst the 
second coding comprises an orthogonal coding opera- 
tion whereby all traffic channels from a particular base 
station are orthogonal to each other. As is common- 
place, the subscriber station 18 contains a delay lock sc 
loop 22 which synchronises the signals to a pilot signal 
which provides spreading rate and code phase synchro- 
nisation for the despreader and demodulation block 26 
to recover the transmitted traffic 32 via a processing 
block such as error correction devices, as is known to ss 
persons skilled in the art. 

[0025] The subscriber station 18 also contains a mod- 
ulation spreading device 34 that takes the traffic chan- 



nels to be transmitted 36 and modulates them - Which 
may not necessarily be the same modulation as the for- 
ward link. Each traffic channel is spread according to 
the appropriate spreading code. The spreading code is 
formed in the same fashion as the forward link. These 
modulation spreading operations are performed syn- 
chronously to the data signals on the received forward 
link signal which are then passed to a variable time 
delay device 30. converted to radio frequencies and 
transmitted by antenna 20 For the reverse link, each 
subscriber unit can be remotely instructed by the base 
station wfth an appropriate delay in the signal path 
whereby the modulation symbols of each subscriber 
unit are received by the base station in time alignment. 
The base station 10 contains a despreader and demod- 
ulator 24 which separates the channels from the various 
base stations in the conventional way. Cross-channel 
interference is reduced since the transmissions from the 
respective subscriber stations have been time delayed 
whereby the spreading codes are received synchro- 
nously with respect to the orthogonal spreading codes. 
[0026] The radio transceivers (not shown) associated 
with the base station and the subscriber unit have a 
local oscillator reference frequency generator. The cen- 
tre frequencies may drift in time; the subscriber unit is 
provided with a device 24 for determining any variation 
in such centre frequency and compensates for such var- 
iation, as is known. 

[0027] In orthogonal CDMA communication systems 
it is desired that the main signal of each channel arrives 
at a base station from outstations within a fraction of a 
chip of one another whereby the orthogonality among 
all channels is maintained. Upon demodulation, all 
channels except the channel of interest provide a cross- 
correlation of substantially 0 with respect to the 
unwanted channels. Performance is much improved 
where delay spread is low. 

[0028] For the purposes of detecting an isolated trans- 
mission, the timing of the peak(s) in the power-delay 
profile of the received despread signal output has no 
effect on performance. It is essential that the receiver is 
matched to the received waveform. When considering 
multiple simultaneous transmissions, the relative tim- 
ings of the received signals are adjusted in order to min- 
imise the cross-interference effects. 
[0029] Determining the optimum timing alignment for 
a specific case can be a very difficult since the interfer- 
ence between each pair of received signals is a highly 
non-linear function of relative timing. If there are N users 
then N-1 offset timings must be simultaneously opti- 
mised in order to find the optimum solution. Because 
the performance is heavily non-linearly dependent on 
these timings then an exhaustive search is the only real- 
istic way to determine the optimum solution. The 
smaller the allowable time steps, the larger the search 
space becomes. Furthermore, the solution obtained will 
only be true for as long as the channels remain 
unchanged; which in practice means that the search 
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would need to be frequently repeated. 
[0030] In practice this optimum time alignment algo- 
rithm is too complex and a much simpler sub-optimum 
approach is taken whereby the operation comprises the 
aligning of the timings at which each users' signal s 
causes the largest output from a single RAKE finger, i.e. 
the timing for which the output power of a filter matched 
to the transmitted waveform is at its peak. If each multi- 
path component is separately resolvable then this is 
equivalent to aligning the timings of the strongest indi- 10 
vidua! component, regardless of the path phases. 
[0031 ] In order to achieve a desired time alignment of 
the signals, the system must determine what first align- 
ment is actually required, and the system must have the 
ability to adjust the timings of the Subscriber Units is 
(SU's) such that they arrive with the desired timing at 
the Base-Station (BS). Note that in all cases it is reason- 
able to assume that the BS is aware of the timings and 
strengths of the multipath components on the channels 
from each of the users, because the RAKE receiver has 20 
to track them even in a conventional system. 
[0032] One technique that has been used is that of 
Slewing'. Slewing is an approach directly analogous to 
that of closed loop power control such as is used in con- 
ventional IS-95, except that it adjusts timing rather than 25 
power. Using this approach, the base station continually 
sends timing correction commands to each subscriber 
unit, each consisting of a single bit instructing the sub- 
scriber unit to slightly advance or retard its timing, so as 
to provide the desired alignment of signals at the BS. A 30 
continuous stream of commands needs to be sent, even 
if the timing is correct, which may comprise a consider- 
able overhead. The actual timing will continually jitter 
around the correct timing due to the fact that each com- 
mand forces a change. The time taken to change align- 35 
ment is proportional to the change in timing offset 
required. Fast re-alignment requires either large step 
size; which will result in considerable timing jitter, or a 
larger number of timing alignment commands which 
results in a larger signalling overhead on the downlink. 40 
[0033] A first embodiment in accordance with the 
invention employs the stability of the timing offsets. 
Because the individual multipath components are stable 
in time, any one subscriber unit's channel will only be 
required to operate within a small region around each of 45 
a small number of possible time offsets; there is no 
need for the timing alignment to be able to continually 
track over a continuous wide-range, unlike the power 
control mechanism. Because of this an alternative to 
slewing is to use time alignment commands which so 
instruct the subscriber unit to 'jump' its timing directly to 
the required offset. Jumping utilises knowledge of chan- 
nel characteristics whereby time delays of the individual 
multipath components for any given channel are often 
quite stable. This does not mean that the required time ss 
alignment itself will be fixed because the effects of fad- 
ing mean that any multipath component may instanta- 
neously become the strongest component and thus the 
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preferred timing offset should jump from one offset to 
another. Jumping is particularly suitable for fixed wire- 
less applications. An additional slewing control could 
also be included to fine tune the timing, and this would 
be able to use smaller time steps, and be sent less often 
because there would be no requirement for it to be able 
to rapidly change timing by a significant amount as such 
changes are carried out by the jumping process. 
[0034] The implementation method comprises the fol- 
lowing steps: upon initial transmission, for each sub- 
scriber unit, the subscriber unit transmits using the time 
alignment that has been used most often or most 
recently in the system so far. The BS then detects the 
various multipath components using its Rake receiver, 
and transmits a message to the subscriber unit provid- 
ing a list of timing offsets together with an identifying 
number for each one, corresponding to each of the mul- 
tipath delayed signal components received. 
[0035] From this point onwards, whenever the BS 
decides that a subscriber unit needs to change its tim- 
ing alignment, it transmits the identifying number of the 
timing to which the subscriber unit should jump. If the 
set of timings change significantly then the BS can then 
transmit a message containing the new timing informa- 
tion. Although each time alignment command will 
require more data than in slewing since several bits are 
employed rather than one, they only need to be sent 
once for each significant change in alignment rather 
than continually. Slewing would only require one-bit 
commands, which instruct the subscriber unit to either 
advance or retard timing. Jumping would require several 
bits, to transmit the identifying number of the- desired 
multipath timing and since such messages are transmit- 
ted less frequently in jumping than in slewing, the over- 
all control message overheads are less. In addition, 
jumping may require additional error detection because 
the effects of an error in decoding a jump command will 
be more significant than a slew command. Error correc- 
tion would be excessive because the BS can simply re- 
send the command if the subscriber unit fails to adjust 
timing. The benefits of the jumping approach over that 
of stewing are that the downlink overhead will be 
smaller, desired timing changes will happen very rap- 
idly, and timing jitter will not occur. 
[0036] The technique provides advantage over slew- 
ing when considering simitar power paths at different 
delays. As they fade in power, the desired timing will 
continually and suddenly switch between them. Whilst 
slewing cannot cope at all well with this situation, jump- 
ing can cope with such situations. 

Form of Time Alignment Signals: 

[0037] LUT Update Message. This consists of a cus- 
tom message which specifies the new timing offsets to 
be used from that point onwards. This message will be 
sent whenever the timing comparator determines the 
that the look-up table entries for the timing of multipath 
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components are no longer current. 
[0038] Alignment selector signal. This consists of a 
short message (a few bits) embedded into the frame 
structure. The message may be split across multiple 
frames, if slower update is acceptable, as follows: 



signal content 




FRAME 1 


signal content 


ASg 


FRAME 2 



[0039] Where either AS n is a complete selection sig- 
nal, or the concatenation of AS n to AS^m a complete 
selection signal. This message instructs the subscriber 
to use a particular timing entry in its look-up table as its 
time alignment offset 

[0040] Fine adjustment signal (optional). This consists 
of a very short (typically single bit) signal inserted into 
each frame. This is to fine tune either the time alignment 
of the currently selected reference timing, or the time 
alignment of all timing references in the LUT 
[0041] The present invention will now be described 
with reference to Figure 5. The base station 40 com- 
prises an antenna bank 42 and switch matrix 44 which 
output receives signals through a demodulator bank 46, 
typically comprised of rake finger demodulators 46a. 
Each demodulator outputs the data signal, an indication 
of the instantaneous power and a timing signal. The 
data signal is combined with other received signals in 
combiner 48 which outputs signals to a decoder 50 prior 
to further processing. The power and timing signals are 
fed, respectively, to a selector and comparator 56, 58. 
The selector identifies, in regular transmissions, the 
identification number of the strongest signal and pro- 
vides this information to a signal combiner 57. The com- 
parator refers to a look up table LUT-B to determine 
appropriate time offsets. The comparator will also indi- 
cate to the LUT-B that an update is necessary if the cur- 
rent demodulator times differ significantly from those 
stored in the LUT-B. The comparator may also provide a 
fine offset correction signal to the signal combiner 56. 
The signal combiner 56 receives signals from an 
encoder 59 which encodes reverse traffic data. Signals 
are then output from the Signal combiner via modulator 
60 prior to transmission from the base station. 
[0042] At the subscribers terminal, the receive 
antenna 62 receives signals which are demodulated via 
demodulator 64 and then passed through a timing sig- 
nal extractor 66, which extractor sends updated look-up 
table information to a subscriber look-up table, LUT-S. 
Additionally, the extractor extracts the identifying 
number of the LUT-S entry, and instructs a selector 68 
to select the corresponding time offset value from the 
LUT-S and the subscriber uses these values to adjust 
the timing of the transmit code operators in conjunction 
with a code generator 70 and clock 72. The code gener- 
ator outputs o a modulator 74 which receives signals 
from an encoder 76 prior to transmission via transmit 



antenna 78. Fine adjustment of the time offset rrtify be 
performed by unit 80. 

[0043] It is considered that rf the channel multipath 
timings can be relied upon to be stable then the jumping 
s approach is the better technique. If the timings of the 
multipaths change continually then slewing will be bet- 
ter, but this is not expected to be the case in many chan- 
nels, e.g. FWA. The timing variation due to the 
interaction of sub-chip spaced multipaths will be rela- 
te tively slow unlike that of widely time separated multip- 
aths fading relative to each other, which can cause the 
required timing to suddenly jump by multiple chips and 
is also limited in its range around the timings of the indi- 
vidual multipath components. The constraints wfth this 
is case where the multipath components are widely sepa- 
rated in time fading relative to each other, which can 
cause the required timing to suddenly jump by multiple 
chips. 

[0044] Simulations were performed using independ- 
2c ent channels based upon the ITU-A and ITU-B models 
where for independent Rayleigh fading multipath com- 
ponents were and also for the case where the first path 
is fixed. In each simulation, all user channels were taken 
from the same basic channel model, but with independ- 
25 ent normally distributed timing adjustment for the posi- 
tion of each multipath component. The four alignment 
techniques used are: 

'First component', in which the channels are aligned 
3C such that the first multipath component for all chan- 
nels arrive simultaneously; 
'Instantaneous peak', in which the timings are such 
that the peak instantaneous output from a single 
decorrelator (Rake finger) for each user occurs 
35 simultaneously; 

'Jump', in which the peak timing is selected from a 
small number of allowed timings, and; 
'Peak mean', in which the timing which provides the 
peak mean output (averaged across all phases of 
4C each multipath component) for each user is 
aligned. The results are shown in Table 2. 

[0045] From Table 2, it can be seen that the 'jump* time 
alignment algorithm, the approach is equivalent to the 

45 Instantaneous peak* approach, except that the only 
time offsets allowed for each user are the arrival times 
of the individual multipath components for that user's 
channel. Note that jump' results have not been provided 
in all cases. Further, it is noted that the performance of 

so First component' and 'Peak mean' alignment 
approaches provide similar performance. The perform- 
ance of the 'Instantaneous peak' is better, which is 
expected, as this approach adjusts the timing depend- 
ing upon the instantaneous channel proffles. rather than 

55 staying at one fixed 'compromise' value. The perform- 
ance difference between the three approaches is gener- 
ally smaller for the higher chip-rate system. 
[0046] Results are provided for both channel models 



<EP 0957592A2 I > 



6 



11 



EPO 957 592 A2 



12 



k > at both the IS-95 chip rate, and the proposed wideband 
rate, each of these options being performed for the case 
where all mufti path components were independently 
Rayleigh fading, then repeated for the case where they 
are all Rayleigh fading except for the first component of 5 
each channel, which is held fixed (assumed LOS). This 
latter set of simulations was performed in order to get 
some idea of how performance may change when fixed 
LOS paths were present, which is likely in a fixed wire- 
less access environment. 10 
[0047] The OF values for the ITU-A channel were 
found to be much lower than those for the ITU-B chan- 
nel.* This can be explained since the ITU-A channel is 
approximately a single path channel, whilst the ITU-B 
channel is closer to being a two path channel. Further 15 
the OF is higher for higher chip rates. Since higher chip 
rates are better able to separately resolve multipath 
components, and as a result more cross terms between 
components are present (although the extra diversity 
may allow a lower transmit power, which has the sec- 20 
ondary effect of reducing inter-cell interference). 
[0048] Note that the Instantaneous peak' algorithm 
requires continuous but small adjustments to the trans- 
mitter timing around one of a small number of nominal 
offsets The time 'jump' alignment approach together 25 
with slow time adjustment seems best suited for imple- 
mentation of this. Note however from the results above 
that lumping' alone may be sufficient as the additional 
degradation is small. 

[0049] For the ITU-A based channels the desired tim- 30 
ing only varies over a range of approximately half a chip 
duration. For the ITU-B based channels the total varia- 
tion is of the order of four or eight chips, but the desired 
times are clustered into a narrow range around a few 
paths. In fact, the desired timing is never at the majority 35 
of possible timings in this range. These results support 
the jumping' approach to time alignment control. 
[0050] If all multipath components can be separately 
resolved and every pair of multipath components across 
all user's channels is spaced by a unique number of 40 
chips then calculation of the optimum timing alignment 
for all users is trivial, corresponding to time aligning the 
strongest multipath of all users. In practice, neither of 
these conditions are likely to hold. In this case calcula- 
tion of the optimum time alignments between users, 45 
even across time-invariant channels, is a very complex 
non-linear optimisation problem. Including the effects of 
time variations in the channels makes this a problem 
with a time-variant solution. 

[0051 ] Simulations to calculate OFs using these align- so 
ment algorithms for channels based upon the ITU-A and 
ITU-B channel outdoor to indoor channel models, at 
both the IS-95 chip rate and the proposed wideband 
rate for the cases where all multipath components are 
assumed to be independently Rayleigh fading, and 55 
where the first multipath component was assumed to be 
fixed (LOS). 

[0052] The invention defines a system which can 



operate as either a mobile or a fixed system (or even a 
mixture of the two) with minimal changes. For example, 
if an IS-95 like mobile system is to be used as the base- 
line system, then timing alignment capability can be pro- 
vided in order for orthogonality to be provided on the 
uplink. 

[0053] In fixed wireless access systems, there is a 
slow variation in the channels and attempts to time align 
uplink signals in order to maintain orthogonality would 
be easy to implement. In the mobile environment this is 
less likely due to the more rapid variations in the chan- 
nels involved, but is something that is desirable. Mobile 
systems typically have a high speed closed loop power 
control, which is excessive for the fixed scenario. This 
suggests that an efficient way of implementing the time 
alignment control sub-channel would be to use some of 
the power control sub-channel capacity for time align- 
ment commands. In this way the meaning of the 'power- 
control' bits would be changed between fixed and 
mobile, but no fundamental change to the air-interface 
is required. If slewing is used then every other power 
control bit could be replaced with a time alignment bit, 
for example. If jumping is used then a similar arrange- 
ment could be used in which each power control com- 
mand is sent a single bit at a time. The data bandwidth 
of the 'power control' channel could also be reduced in 
the fixed case, especially if jumping is used. Assuming 
an IS-95 type downlink, power control bits can simply 
replace coder output bits, thus injecting code bit errors 
into the transmitted signal. Reducing the data through- 
put on the 'power-control' sub-channel would improve 
error rates at the receiver. In a fixed environment using 
jumping, it may be possible to reduce the required data 
rate on the sub-channel considerably If jumping is 
used, then some additional signalling messages will be 
required, specifically to allow the BS to inform the SU of 
the list of timing offsets and their identifying numbers. 
The commands instructing the SU to jump timing to a 
different component could also be sent as system mes- 
sages, but this is likely to incur an excessive overhead. 
These extra messages will not affect the mobile imple- 
mentation as they will simply not occur. 

Claims 

1 . A method of determining timing offsets in a CDMA 
communications link between a base station and a 
subscriber station, the method comprising the 
steps of: 

transmitting a signal by the subscriber station 
using a default timing offset; receiving such sig- 
nal by the base station and detecting the vari- 
ous multipath components using a Rake 
receiver, and; 

when the base station determines that a sub- 
scriber station needs to change its timing align- 
ment, it transmits to the subscriber station a 
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message identifying a particular timing offset 
selected from a set of predetermined offsets. 

A method according to claim 1 wherein the set of 
predetermined offsets are stored in a look-up table. 

A method according to claim 1 , wherein adjustment 
of the timing is carried out by the insertion of a short 
signal to determine which offset should be selected 
from the list of predetermined offsets. 

A method according to claim 1 , wherein time align- 
ment commands are transmitted by the base sta- 
tion once for each transmission. 

A method according to claim 1, wherein time align- 
ment commands are transmitted by the base sta- 
tion when signal quality has been degraded. 

A method according to claim 1, wherein the CDMA 
communications link is a fixed wireless scheme. 

A method of determining timing offsets in a CDMA 
.communications link between a base station and a 
subscriber station, the method comprising the 
steps of: 
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2C 



25 



tions system between a basestation and a plurality' 
of subscribers, the base station having a look-tap 
table providing a set of predetermined time offsets, 
from which a selected time offset is communicated 
to a subscriber station upon call initiation or offset 
update whilst in communication with a base station. 

13. A base station as claimed in claim 12, wherein the 
time offset is determined by experience over a 
number of iterations and is updated as appropriate. 

14. A base station as claimed in claim 12, wherein the 
time offset is varied incrementally in addition to the 
look-up table. 

15. A base station as claimed in claim 12 t wherein the 
subscriber station is part of a fixed wireless access 
scheme. 

16. A CDMA communications system operable to pro- 
vide a communications link between a subscriber 
station and a base station, the system including a 
subscriber station as claimed in claim 11 and a 
base station as defined in claim 12. 



receiving at the subscriber station signals from 
a base station, 

referring to time offset data; 3c 
transmitting signals to the base station using a 
time offset determined by the time offset data, 
and; 

when the base station determines that the time 
offsets should be adjusted, a predetermined 35 
time offset is selected from the time offset data 
and such selected pre-determined offset is uti- 
lised. 



8. The method of claim 7 wherein the time offset data 4c 
is pre-determined. 

9. The method of claim 7 wherein, upon initial trans- 
mission of a message by the subscriber station, the 
last offset employed by the subscriber station for 45 
the previous message is employed. 



10. A method according to claim 7, wherein the CDMA 
communications link is a fixed wireless scheme. 

sc 

1 1 . A subscriber station for use in a CDMA communica- 
tions system between a basestation and a plurality 
of subscribers, the subscriber station having a set 
of predetermined time offsets, from which a 
selected time offset is employed in communication ss 
with a base station. 

12. A base station for use in a fixed CDMA communica- 
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ALIGNMENT 
TECHNIQUE 


ALL MULTIPATHS 
RAYLEIGH 


FIRST MULTIPATH 
IS LOS 


IS95 CHIP RATE 


WIDEBAND CHIP 
RATE 


IS95 CHIP RATE 


WIDEBAND CHIP 
RATE 


FIRST 
COMPONENT 


0.0589 


0.1921 


0.0376 


0.1290 


INSTANTANEOUS 
PEAK 


0.0444 


0.1418 


0.0252 


0.0834 


PEAK MEAN 


0.0629 


0.2234 


0.0376 


0.1290 


OF for ITU-A, tap timing fixed at ITU model values 


FIRST 
COMPONENT 


0.0769 


0.2011 


0.0431 


0.1196 


INSTANTANEOUS 
PEAK 


0.0555 


0.1542 


0.0316 


0.0970 


JUMP 


0.0700 


0.1919 


0.0403 


0.1185 


PEAK MEAN 


0.0909 


0.2390 


0.0491 


0.1270 


OF for ITU-A, tap timing deviation=50nS 


FIRST 
COMPONENT 


0.5840 


0.7065 


0.5738 


0.7018 


INSTANTANEOUS 
PEAK 


0.4791 


0.6474 


0.4806 


0.6418 


PEAK MEAN 


0.5954 


0.7279 


0.5678 


0.6998 


OF for ITU-B, tap timings fixed at ITU model values 


FIRST 
COMPONENT 


0.5811 


0.6754 


0.6172 


0.7070 


INSTANTANEOUS 
PEAK 


0.4843 


0.6377 


0.4953 


0.6573 


JUMP 


0.5239 


0.6701 


0.5234 


0.6870 


PEAK MEAN 


0.6216 


0.7654 


0.6077 


0.7380 


OF for ITU-B, tap timing deviation=100nS 


FIRST 
COMPONENT 


0.3470 


0.4535 


0.3852 


0.4635 


INSTANTANEOUS 
PEAK 


0.2740 


0.4165 


0.2787 


0.4264 


JUMP 


0.3274 


0.4661 


0.3199 


0.4590 


PEAK MEAN 


0.3945 


0.5527 


0.3953 


0.5032 



OF for equal split between ITU-A and ITU-B, tap timing 
deviation=100nS 

Table 2 
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